Increased economic, societal and environmental challenges facing agriculture are leading to a greater focus on effective way to combine grazing and automatic milking systems (AMS). One of the fundamental aspects of robotic milking is cows' traffic to the AMS. Numerous studies have identified feed provided, either as fresh grass or concentrate supplement, as the main incentive for cows to return to the robot. The aim of this study was to determine the effect of concentrate allocation on voluntary cow traffic from pasture to the robot during the grazing period, to highlight the interactions between grazed pasture and concentrate allocation in terms of substitution rate and the subsequent effect on average milk yield and composition. Thus, 29 grazing cows, milked by a mobile robot, were monitored for the grazing period (4 months). They were assigned to two groups: a low concentrate (LC) group (15 cows) and a high concentrate (HC) group (14 cows) receiving 2 and 4 kg concentrate/cow per day, respectively; two allocations per day of fresh pasture were provided at 0700 and 1600 h. The cows had to go through the AMS to receive the fresh pasture allocation. The effect of concentrate level on robot visitation was calculated by summing milkings, refusals and failed milkings/cow per day. The impact on average daily milk yield and composition was also determined. The interaction between lactation number and month was used as an indicator of pasture availability. Concentrate allocation increased significantly robot visitations in HC (3.60 ± 0.07 visitations/cow per day in HC and 3.10 ± 0.07 visitations/cow per day in LC; P < 0.001) while milkings/cow per day were similar in both groups (LC: 2.37 ± 0.02/day and HC: 2.39 ± 0.02/day; Ns). The average daily milk yield over the grazing period was enhanced in HC (22.39 ± 0.22 kg/cow per day in HC and 21.33 ± 0.22 kg/cow per day in LC; P < 0.001). However the gain in milk due to higher concentrate supply was limited with regards to the amount of provided concentrates. Milking frequency in HC primiparous compared with LC was increased. In the context of this study, considering high concentrate levels as an incentive for robot visitation might be questioned, as it had no impact on milking frequency and limited impact on average milk yield and composition. By contrast, increased concentrate supply could be targeted specifically to primiparous cows.
Introduction
Since they were first developed in the 1990s, AMS have been increasing in popularity. According to de Koning (2011) , around 8000 farms in 25 countries worldwide are equipped with a robot. In parallel, the interest for combining robotic milking with grazing has increased (Lyons et al., 2013a; John et al., 2016) . Grazing has several advantages with the most frequently cited ones including benefits for animal health (Burow et al., 2011) and for the environment (Peyraud and Delagarde, 2013) which are positively perceived by the consumers (De Olde et al., 2016) . Including grazed pasture in cows' diet lowers milk production costs (Hongerholt et al., 1997; Dillon et al., 2005) in comparison with barn feeding, and increases the ratio of polyunsaturated fatty acids in cows' milk (Stockdale et al., 2003; Wales et al., 2009) . Despite these advantages, combining grazing and AMS remains a challenge due to the lower milking frequency observed when cows are grazing (van Dooren et al., 2002; Spörndly and Wredle, 2005) .
Thus, the use of an AMS with grazing implies the need to stimulate cows' traffic to the robot. Gregarious behaviour and distance to the robot make the cows less motivated to go for milking, causing irregularity in milking intervals over the lactation with a negative effect on milk production (Ayadi et al., 2004; Delamaire and Guinard-Flament, 2006) . Therefore, cow traffic is a fundamental aspect to be considered in the attempt to combine AMS and grazing (Lyons et al., 2013b; Scott et al., 2014) . Varying factors which may improve cow traffic to the AMS have been described in the literature. One such incentive is feed, which can be provided by giving new pasture allocation (Lyons et al., 2013a) , by offering more concentrates (Bach et al., 2007) or by modifying timing of feed allocation (Lyons et al., 2013b) . Numerous studies have shown discrepancies regarding the effects of the level of concentrates given during milking on cow traffic: some of these find no effect on milking frequency (Bach et al., 2007; Jago et al., 2007) while in more recent studies (Lyons et al., 2013b) returns to the robot were improved by pre-milking concentrate supplementation. Effects of concentrates supplied during milking by the AMS have been studied indoors by Halachmi et al. (2005) and by Bach et al. (2007) . They concluded that concentrate supplementation was not effective at attracting the cows to the robot. Studies conducted on grazing cows demonstrated that concentrate supplementation induces a substitution rate effect decreasing cow pasture intake and impacting efficient utilisation of grazed pasture Peyraud and Delagarde, 2013) . For grazing dairy cows milked by an AMS, the dilemma between efficient utilisation of pasture and cow traffic to the robot, encouraged by concentrate supplementation, has to be considered. Thus, the aim of this study was to examine to what extent two different levels of concentrate supplementation impact traffic of grazing cows milked by an AMS in pasture during the grazing period in Belgium. The interaction between efficient utilisation of pasture and concentrate was considered as well as the effects on average milk yield and composition to provide a complete overview of the benefits linked to concentrate supplementation.
Material and methods

Animals and experimental design
The study was conducted from 1 st May to 31 st August 2013 (4 months) at the Experimental Farm of Sart Tilman, University of Liège, Belgium (5.58°E, 50.42°N). During the study period, the experimental herd was composed on average of 45 cows (minimum: 40; maximum: 50). From these, only animals present from the beginning till the end of the grazing period were included in the study. The cows were randomly assigned to one of two groups receiving a different level of concentrate supplementation at the AMS. In total, 15 cows including seven primiparous, days in milk (DIM) 97 ± 63 days (SD), with an average lactation number (LN) 2.00 ± 1.25, were assigned in the low concentrate (LC) group. The HC group included 14 cows, of which five were primiparous (DIM = 94 ± 41 days; LN: 2.43 ± 1.91). From 1 st May to 31 st August, cow's diet was composed of grazed pastures and a variable amount of concentrate provided in the AMS during milking. The LC-group received on average 2.00 kg concentrate/d whereas the HC-group received on average 4.00 kg per day. Concentrate was supplied by Moulins Bodson (Villers l'Evêque, Belgium) and composed of 37% maize gluten, 11.5% dried beet pulps, 4% spelt, 10% barley, 24.5% wheat, 5% wheat distillers, 4% beet molasses and 4% soybean meal. It provided 170 g CP and 894 VEM/kg dry matter (DM) with VEM being the Dutch unit of net energy content for milk production (1000 VEM = 1650 kcal net energy for lactation). The amount given to each cow was computed in the robot following the schedule described in Table 1 . Cows were allowed to visit the robot at any time but were milked only when a time interval of 4 h elapsed since the previous milking event.
The cows were milked by an AMS Lely A3next ® (Maasluis, The Netherlands) placed on a trailer in order to be moved on pastures during the grazing period following the procedure described by Dufrasne et al. (2012) . Once moved from the barn to pasture after the winter period, the trailer with the AMS stayed at the same location during the grazing period. Transponders fixed on HR-tag neck collar (SCR, Netanya, Israel) were used in order to recognise the cows and to register several parameters: milk yield (kg/cow per day), number of milking per day (successful milking (SM)/d), number of failed milkings (robot failed to attach milking cluster (FM)/d), number of refusals (occurring if the delay between two visits is insufficient; RM/d), the amount of concentrate given (kg/cow per day), milk fat (F) and protein (P) content estimated automatically by IR analysis technology associated to the robot and Grazing management In total, 24 ha of pasture, composed mainly of perennial ryegrass (Lolium perenne) and white clover (Trifolium repens), were divided into 15 paddocks ranging from 0.6 to 3.1 ha in size, with a maximum distance for cows to walk to the robot of 700 m, assuming that this distance has no influence on milking frequency and milk yield (Spörndly and Wredle, 2005; Dufrasne et al., 2012) . All animals grazed as one herd without any physical separation. Cows were assigned in different paddocks for day and night. Change from day to night paddock was managed when cows exited the AMS, as they were directed by selection gates to their new allocation. The day and night paddock changes took place at 0700 and 1600 h. The targeted pasture intake was set at 17 kg DM/cow per day based on pasture production of previous grazing periods. This objective was reached by strip-grazing. Grass height was measured by an electronic rising plate meter (Jenquip ® , Feilding, New Zealand) before the cows entering and after cows exiting the pasture to estimate average pasture consumed. Pasture cover was estimated by mowing a grass band 10 m long and 0.38 m width. The mowed sample was weighed, then oven dried (65°C during 72 h) to determine the DM content. The kg DM collected on the mowed area was firstly expressed by ha of grazed parcel and then multiplied by the parcel area. This figure was then divided by the stocking rate at that time and by the days the cows stayed on. Pasture samples hand collected randomly on the pastures were oven dried (65°C for 72 h) and analysed by NIRS for composition prediction (CP, NDF, ADF, lignin, water-soluble carbohydrates (WSC), Ash) in order to determine the nutritional value according to the Dutch feeding system as described by De Boever (De Boever et al., 2004) .
Statistical analyses
The statistical analyses were performed using SAS (SAS Institute Inc., Cary, NC, USA). The data were analysed according to the PROC MIXED procedure with repeated measures and covariance analysis type autoregressive AR(1).
where µ is the overall mean, Gr i the group effect (i = LC to HC), M j the month effect (j = May to August), N k the lactation number effect (k = 1 to 2, 1 = primiparous and 2 multiparous), interactions Gr i × M j , Gr i × N k and e ijk the residual error~N(0;σ²). Y ijk was tested for milk yield (MY; kg/cow per day), F (% and kg/cow per day), P (% and kg/cow per day), milk solids (kg) calculated by summing F and P (kg/day), milk production/ milking (MM; kg), milking interval (MI; h), supplied concentrate (kg/cow per day).
The PROC MIXED procedure, with repeated values and covariance analysis type were used for statistical analysis of pasture nutritional values with the following model
where µ is the overall mean, M i the month effect (i = 1 to 4) and e i the residual error~N(0;σ²). Milking and refusal time pattern was determined by the procedure PROC FREQ and χ 2 test and relative risk (RR) were assessed. Relative risk was calculated in two steps. First, the number of event (e.g. SM or RM) for a determined group (e.g. LC or HC; primiparous or multiparous) is calculated and divided by the total number of subjects in this group (R1). The same calculation is made in the second group (R2). Relative risk is equal to R1 divided by R2.
All the edited values are least squares means ± pooled standard error, excluding pasture height (means ± SD).
Results
Grazing
Animals grazed for 4.6±1.5 days on each paddock (minimum = 1 day and maximum = 12 days). Mean pre and post-grazing heights above ground were 11.4 ± 4.4 cm and 6.1 ± 2.1 cm, respectively. Pre-grazing pasture cover were at 2310, 917, 1587 and 1730 kg DM/ha in May, June, July and August, respectively. The grazing period in 2013 was unusual regarding weather conditions, with abundant rainfall levels in May (90.7 mm compared with 1991-2010 reference values of 66.5 mm) observed. In July and August, recorded temperatures in the Meteorological Station in Sart Tilman were higher than reference values of the last 30 years (July: 21.2°C, reference value: 16.5°C, August: 18.4°C, reference value: 16.0°C). During July and August, drought appeared with rainfalls 30% and 55% lower than those recorded during summers from 1991 to 2010, respectively. In June, due to poor climatic conditions, regrowth of grass was limited in some grazing paddocks.
Pasture nutritional values are reported in Table 2 . All values kept constant over the grazing period excepted lignin and WSC. Water soluble carbohydrates dropped from 186.6 g/kg DM in May to 141.3 (P < 0.05) and 97.6 g/kg DM (P < 0.001) in July and August, respectively. By contrast, lignin content increased from 27.3 g/kg DM in May to 36.0 (P < 0.05) and 43.3 g/kg DM (P < 0.001), in July and August, respectively. Significance levels: **P < 0.01; *P < 0.05.
Effect of concentrates on traffic of grazing cows
Concentrates supplementation Cows received a daily average 4.14 ± 0.03 kg of concentrates in HC and 2.14 ± 0.03 kg in LC (Table 3 ). The supplied amount decreased from 2.30 kg in May to 2.00 kg in August for LC (difference = 0.30 kg). This decline was more pronounced in HC (4.56 kg in May to 3.70 kg in August) with a difference between the amount given in May and August reaching 0.86 kg. The amount of concentrates was similar in both age classes (2.17, 2.10 kg in multiparous and primiparous, respectively) for LC, whereas in HC, multiparous received on average 0.59 kg/day more than primiparous.
Voluntary cow traffic to the robot Milking frequency was similar in both groups (2.38 ± 0.02/day) whereas RM were more numerous in HC (1.05 ± 0.04/day in HC and 0.70 ± 0.04/day in LC, P < 0.01) inducing higher robot visitation in HC (3.6 ± 0.07/day in HC v. 3.1 ± 0.07/day in LC). The highest rate of RM due to visits separated by a delay <4 h was observed in June, the period of restricted grass. Month affected the time distribution of SM and RM (Figures 1 and 2 ). On the contrary, group had no effect on these parameters ( Figure 3) . A significant increase of the frequency of SM was recorded in LC from 0800 to 1200 h and from 1600 to 2000 h compared with HC. Over the day, SM and RM were not evenly distributed. In total, 53% of SM were observed from 0800 to 1200 h and from 1600 to 2000 h. That corresponds to a range of time between 1 and 3 h around the change of pastures allowed by the selection gates. From 1600 to 2000 h, cow traffic was the most intense with 25% of SM and 36% of RM observed at that time. On the contrary, only 15% of total SM and 14% of RM occurred from 2000 to 0400 h. From 0000 to 1200 h, the probability of SM increased whereas RM were less numerous. From 1600 to 2000 h, the proportion of RM became greater than that of SM. Over the grazing period, distribution pattern of robot visitations was influenced by the month: in July and August, less SM and RM were observed from 1200h till 1600 h while more robot visitations were recorded from 0400 to 0800 h and from 1600 to 2000 h. Refusals occurred more frequently in primiparous compared with multiparous (1.00 ± 0.05/day to 0.75 ± 0.04/day for multiparous; P < 0.001; Table 4 ). However, in primiparous, RM number was different from one group to the other with a higher percentage of RM observed in HC-group: 63% of the total of RM were recorded in HC primiparous. The difference in behaviour observed in primiparous following concentrate allocation tended to alleviate from May to August and the RR of RM for LC to HC primiparous increased from 0.59 to 0.89 in August. Multiparous cows from the LC-group were more likely refused when coming back to the robot but the RR of LC/HC multiparous RM dropped over the grazing period from 1.42 in May to 1.12 in August. In June, the amount of recorded RM was the highest for all the groups (primiparous HC and LC, multiparous HC and LC). Odds ratio analysis demonstrated that milking time distribution was the same in both groups, except from 0400 to 0800 h when multiparous came back more often while from 1200 to 1600 h, more SM were performed on primiparous.
Milk production and composition Milk yield decreased over the grazing period in both groups (Table 3) . Milk production declined linearly in both groups following a parallel evolution. In May, MY of both groups was Values are statistically different within treatment. X Values are statistically different between treatments. Significance levels: ***P < 0.001; **P < 0.01; *P < 0.05. Lessire, Froidmont, Shortall, Hornick and Dufrasne not significantly different. Then, from June till the end of grazing, this trend changed. The greatest difference between groups production was noticed in June (δ = 1.96 kg). On average, HC-group produced 1.07 kg milk/cow and per day more over the season, representing 0.56 kg of milk/kg concentrate (MR). Without taking into account May, the MR reached 0.79 kg milk/kg concentrate. The primiparous had a higher MR than multiparous (0.63 kg milk/kg concentrate in primiparous and 0.49 kg milk/kg concentrate in multiparous; Table 4 ). Over the study period, cows from HC produced 131 kg more milk than cows from LC while eating 247 kg more concentrates. Cows from HC had a shorter MI (35 min shorter) than those from LC (P < 0.001) and produced more milk per milking (MM; kg/milking) than the LC-cows (8.94 ± 0.06 kg/ milking in HC and 8.75 ± 0.05 kg/milking in LC; P < 0.05). The difference in MM was greatest in June (0.4 kg/milking; P < 0.05) while in other months differences were not significant.
Milk composition did not change significantly in F% in both groups over the grazing period. Neither did P% except in July when it was greater in HC. In May, F and P production (kg) were similar in both groups but from June till end of August, HC produced on average 0.07 and 0.06 kg/cow per day fat and protein, respectively, more than LC.
Milk P and F production decreased in both groups over the grazing period. The decline was more marked in LC than in HC. The decrease in F production was 36% in LC, compared with 31% in HC, whereas the P production decreased by 31% and by 26% for LC and HC, respectively. Milk solids decreased in LC and HC over the grazing period. Nevertheless, the decrease was less pronounced for HC. Thus, milk solids production was higher at 0.07 kg/cow per day for HC than for LC, resulting in an extra milk solids production of 0.04 kg/kg concentrate. As a consequence, HC-cows produced nearly 12.3 kg milk solids/cow more than LC cows over grazing period. 
When compared with multiparous, primiparous produced less milk over the experimental period in both groups. However, MR was higher in primiparous. HC-primiparous presented a significantly shortened MI (8.62 ± 0.08 h) compared with other groups (9.75 ± 0.1 h; P < 0.001).
Milk per milking was higher in multiparous compared with primiparous in both groups; this difference was more pronounced in HC (difference = 2.34 kg in LC and 3.73 kg in HC). Primiparous of HC produced less MM than LC-primiparous (−0.51 kg), due to the shortened MI, but over the day HCprimiparous produced on average 1.10 kg milk more than did LC-primiparous. Although F% and P% were similar regardless the lactation number, primiparous produced less F (0.70 to 0.97 kg/cow per day) and P (0.59 to 0.84 kg/cow per day), respectively, in primiparous and multiparous. Milk solids production was influenced by the concentrate supply and by the lactation number.
Discussion
In this study, grazing cows milked by an AMS were monitored over a period corresponding to the typical grazing period in Significance levels: ***P < 0.001; *P < 0.05.
Lessire, Froidmont, Shortall, Hornick and Dufrasne Belgium (4 months). This study represents the first time that this kind of data were collected with grazing and AMS over such a period in Belgium. Cow traffic to the robot is considered a key factor for AMS profitability . Halachmi (2004) demonstrated that a decline in returns to the robot even of short duration had a major impact on MY. Following his study, reduction from 2.5 to 2.0 visits/cow per day lead to a decrease in MY from 24 to 18 kg/cow per day. Analysing the impact of concentrate supplementation on voluntary cow traffic was the main objective of this study. The effect on cows' production was also evaluated to verify whether concentrate allocation was profitable from an economic point of viewthat is, if the extra costs linked to concentrate allocation were counterbalanced by a subsequent increase in milk yield.
Impact on voluntary cow traffic
The use of AMS requires voluntary action of individual cows, while ordinarily their behaviour in pasture tends to be more gregarious. It is thus necessary to provide an incentive for increasing robot visitations and consequently milkings. Milking frequencies (2.37 ± 0.02/day in HC and 2.35 ± 0.02/day in LC) observed in our study were comparable with those reported by Spörndly and Wredle (2005) . Other studies performed in fully grazing systems by Jago et al. (2007) and Lyons et al. (2013b) in New Zealand and Australia, respectively, recorded less milkings/day: 1.7 milkings/cow per day (Jago et al., 2007 ) and 1.5 milkings/cow per day (Lyons et al., 2013b) . Milking permission time does not seem to be a limiting factor as cows were allowed to be milked after a 4-h interval, similar to Lyons et al. (2013b) , while in Spörndly and Wreddle (2005) , the time elapsed between two milkings must have been greater than 6 h. In the present study, high concentrate level increased the robot visitations but also caused more RM in HC. At lower pasture availability and quality, visitations to the robot in HC were more frequent, while they stayed constant in LC. Refusals were increased in both groups at low pasture availability and quality. The impact of pasture availability on cow traffic to the robot has been previously described by Ketelaar-de Lauwere et al. (2000) in an experimental design including an AMS located in the barn. In these conditions, low pasture biomass was linked to an increase in time spent indoors and consequently to a rise in milkings. Lyons et al. (2014) observed that at low pasture availability, cows tend to walk to a new pasture allocation. A similar observation was made in the present study, as cows preferred to return to the robot and eventually get refused than to stay on the pasture.
Milkings and refusals distribution time over the grazing period As described in other studies (Ketelaar-de Lauwere et al., 1999; John et al., 2016) , fewer visits occurred at night. May recorded the highest number of robot visitations from 0000 to 0400 h, although visits at that time period remained uncommon (<10% of total milkings and <5% of total refusals). The cause of the higher frequency of night visits in May is unclear. Weather conditions influenced milking and refusal schedules, with a reduction of robot visitations to the robot during hot period (1200 to 1600 h) in July and August with visit schedules moving to periods 1600 to 0000 h. This observation is in accordance with other studies ( Ketelaar-de Lauwere et al., 2000; John et al., 2016) . Although the majority of milkings (56% in LC and 50% in HC) occurred within periods of new pasture allocation corresponding to changing gates (from 0800 to 1200 h and from 1600 to 2000 h), HC came more regularly to the robot than LC. On the contrary, the majority of refusals in LC happened from 1600 to 2000 h. The same observations were made for all groups of cows except for HC-primiparous who recorded a high rate of refusals from 1200 to 1600 h. It appears that at HC, both pasture and concentrate supplementation influenced cow traffic while pasture allocation was the most important incentive in LC cows.
Influence of parity Several studies have shown differences in the individual motivation of cows to be milked by an AMS -for example, hierarchy, aggressiveness, milk production and stage of lactation. Ketelaar-de Lauwere et al. (1996) described that the timing of visits to the AMS was influenced by the rank of the cows with a higher rate of night visits for dominated cows. Jacobs et al. (2012) showed that parity, linked to a lower BW could influence traffic to the robot with lowranked cows staying a longer time in the waiting area before being milked. Ketelaar-de Lauwere et al. (2000) observed a higher frequency of non-milking visits in heifers. Halachmi (2004) included social priority in the simulation model helping for designing AMS facilities. In the present study, parity influenced traffic to the robot, but this impact differed following the concentrate allocation. Thus it is unlikely that the observed differences could be only due to the lower rank of primiparous. The HC-primiparous RM frequencies were the highest in all periods. On the contrary, LC-primiparous, SM and RM per day were consistently less frequent than LCmultiparous ones. Milking frequency seemed comparable in both groups but this figure was the result of the different behaviour of primiparous in both groups. In LC-group, primiparous were milked less frequently than multiparous, while the contrary was observed in HC-group. It is noteworthy to mention that all the cows were trained to be milked on pasture before the beginning of this experiment. The HC-primiparous might have become accustomed to visit the robot more frequently by the more attractive amount of concentrate provided. The rapid adaptation of heifers to pasture-based AMS is in line with other studies, which observed increase of heifers' robot visitations (Ketelaar de Lauwere et al., 1998) and lower waiting time of primiparous in the robot facilities .
The level of concentrates influenced milking interval. It was shorter in HC (9.04 ± 0.05 h and 9.77 ± 0.05 h in LC) and surprisingly correlated with higher MM. This finding can be explained by the steady MM observed in HC in June compared with LC. During this period, the difference Effect of concentrates on traffic of grazing cows between both groups reached 0.4 kg/milking impacting the mean MM recorded over the grazing period.
Milking frequency is correlated to AMS performance. Effect of minimum milking interval was studied in a pasturebased AMS by Jago et al. (2007) . They concluded that larger MI than 12 h could be targeted without negative impact on MY. By contrast, 16 h (Lyons et al., 2013b) to 18 h (Jago et al., 2007) of delay between milkings decreased milk production. A MI >12 h corresponding to <2 milkings/day was recorded in only 27% of HC compared with 31% in LC (P < 0.05). Only 12% HC demonstrated MI >16 h whereas it was recorded in 14% of LC. Primiparous from the HC-group had a major impact on that observation with a reduction in MI of 1 h compared with other groups whose value was similar (HC-multiparous: 9.71 h, LC-multiparous: 9.67 h and LC-primiparous: 9.84 h). Increased traffic to the robot initiated by higher concentrate supply could lower the time left for eating, grazing and ruminating as it has been demonstrated in other studies (Halachmi et al., 2005; Bach et al., 2007) . However, in our study, lower MI of HC-cows increased robot visitations and affected positively MY. This effect was even more pronounced for primiparous.
Milk production and composition The poor weather conditions recorded in 2013 tended to decrease pasture quality and availability over the grazing period. In these conditions, providing an additional amount of concentrates induced a greater response in milk production from June to August compared with May, where no difference in MY was observed between LC and HC. On average, HC cows produced an additional 1.19 kg milk representing 0.69 kg of milk per kg concentrate. Following the literature (Dufrasne et al., 1996; Reis and Combs, 2000; Bargo et al., 2002; Kennedy et al., 2003; McEvoy et al., 2008; Auldist et al., 2013) , several factors influence the effect of concentrates supplementation on average milk yield and composition -for example, pasture availability and quality, stage of lactation and genetic merit. At high pasture allowance, pasture quality influences pasture intake: Peyraud and Delagarde (2013) reported that pasture intake could vary from 18.9 kg DM/cow per day for excellent pasture quality to 15.5 kg DM/cow per day in very poor pasture quality. In our study, higher pasture nutritional values were observed compared with those reported by McEvoy et al. (2008) , Bargo et al. (2002) and Pérez-Prieto et al. (2011) , promoting higher pasture intake and lower grass to concentrate substitution rate. The negative MR observed in May presumed a low substitution rate and could be explained by the high WSC content of spring pasture promoting increase in pasture intake and in MY, which is in accordance with other authors (Peyraud and Delagarde, 2013; John et al., 2016) .
The mean MR of 0.56 kg milk/kg concentrate over the grazing period is lower than that reported in previous studies. An increase in milk production between 0.96 and 1.36 kg/kg concentrate at grazing was observed by Bargo et al. (2002) , between 0.86 and 1 kg/kg concentrate by Reis and Combs (2000) , 1.12 kg/kg concentrate by Jago et al. (2007) and 1.04 kg/kg concentrate by Delaby et al. (2001) . Should periods of high pasture availability not been considered (e.g. in May), closer figures to those reported in other studies would be obtained confirming that the effect of concentrates on MY was influenced by pasture availability and quality. Grazing management (strip-grazing modulating pasture allowance) could also be invoked to explain lower MR (Peyraud and Delagarde, 2013) .
In our study, mean F% and P% over the grazing period were 3.82% and 3.37%, respectively. In similar conditions with cows receiving 2 kg concentrates, Dieguez et al. (2001) reported similar values (F%: 3.9% and P%: 3.3%) to the ones reported herein. In the present study, supplementation of concentrates increased milk fat and protein production. This result is confirmed by previous studies Kennedy et al., 2003) reporting an increase in fat and protein production in relationship with introduction of concentrates of similar nutritional values. Low concentrate group produced less milk solids over the grazing period and the difference between both groups was more pronounced in June (difference = 0.16 kg/cow per day compared with 0.03 kg/cow per day in May) when pasture availability was the lowest. Then, the difference in solids production between HC and LC became stable till the end of grazing period (0.11 kg/cow per day in July and August).
Conclusion
This experiment demonstrates a response to concentrate offered to grazing cows milked by a mobile AMS at numerous levels. The cow traffic to the robot was influenced by concentrates' level during the measurement period, with more frequent robot visitations in the HC-group than in LC-group. By contrast, milking frequency did not change regardless of the level of concentrates. However it has to be noted that primiparous from the HC-group behaved differently. Milkings of primiparous were increased at higher concentrate allocation, as did refusals. Concentrate allowance increased traffic to the robot leaving less time for eating and ruminating. Despite this time and energy expenditure, milk production per milking and per day increased, except during periods of high pasture availability and quality. Average milk yield and composition were generally improved by higher levels of concentrate supplementation. When pasture availability and quality decreased, difference between HC and LC groups strengthened despite the energy spent to travel to the robot in HC-group. Finally, in the specific conditions of the present study, allocating higher amounts of concentrates might be questioned regarding the low MR. Thus, concentrate supply should be adapted with regards to pasture quality and availability to maximise economic impact on milk yield and on traffic. Using higher concentrate allocation could be advised to maximise primiparous traffic to the robot and take full advantage of concentrate allocation related to their higher MR.
